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Editorial

Ischaemic heart failure: is prevention in sight?

Heart failure is a common clinical syndrome with a poor
prognosis. It has been estimated that about 2 million
patients in the United States have clinical congestive
heart failure, and the incidence is increasing.' In the
United Kingdom the estimated prevalence of heart fail-
ure is 3 9 per 1000 patients.2 The prognosis seems to be
similar world wide.

Although heart failure can be caused by various patho-
logical processes, the single most frequent cause is left
ventricular systolic dysfunction-resulting from myocar-
dial ischaemic injury caused by atherosclerotic obstruc-
tive coronary artery disease.

Acute ischaemic heart failure
The extent of myocardial injury is the major determinant
of the severity of heart failure and of the immediate and
late prognosis. For example, in patients with acute
myocardial infarction, ischaemic injury of 30-40% of the
left ventricular myocardium produces severe left ventric-
ular failure often with clinical cardiogenic shock. The
immediate mortality of such patients exceeds 80%
despite aggressive pharmacological and non-pharmaco-
logical supportive therapy.3 Even those who survive the
acute episode of heart failure soon die of progressive
chronic heart failure.4 Thus the importance of limiting
infarct size in the prevention of acute severe heart failure
cannot be over emphasised. Of all the therapeutic inter-
ventions that have been attempted to limit the extent of
myocardial injury, early recanalisation of the infarct relat-
ed artery and re-establishment of flow to the ischaemic
myocardium by using thrombolytic agents have shown
the greatest promise. Clinical experience suggests that
the incidence of severe, acute post-infarction heart failure
declined after the introduction of thrombolytic therapy.
It appears, however, that intravenous thrombolytic thera-
py does not influence the high mortality of patients with
cardiogenic shock caused by severe left ventricular fail-
ure.5 Uncontrolled studies have reported improved
immediate and short-term (about three months) late
prognosis in these patients after successful angioplasty or
revascularisation surgery performed within 24 hours of
the onset of infarction.67 The mechanism for this appar-
ent improvement in prognosis is presumably better perfu-
sion and the larger extent of salvage of ischaemic
myocardium. Nevertheless, the residual myocardial
injury and the magnitude of left ventricular dysfunction
are considerable even after successful reperfusion therapy
and overt heart failure is likely to develop in time. It is
apparent that, in addition to presently available strategies
of reperfusion therapy, further progress in therapeutic
interventions to limit the extent of myocadial injury will
be necessary to reduce the incidence of acute severe left
ventricular failure, which carries such a poor prognosis.

Chronic ischaemic heart failure
Chronic heart failure, which also carries a poor progno-
sis, is a frequent sequel to myocardial infarction. In
patients with documented previous myocardial infarc-
tion, the risk of the development of symptomatic heart
failure may be 7-10 times higher than that in a matched
normal population.8 In the SAVE trial 16% of the
placebo treated patients developed heart failure during
the follow up period of 42 months.9

Overt heart failure
Once overt heart failure develops the prognosis worsens
and mortality increases with increasing severity of heart
failure. Several uncontrolled studies have reported that
the one year mortality in patients with severe heart failure
(New York Heart Association (NYHA) class IV) may
exceed 50%.1o In the CONSENSUS I prospective trial, 6
month and 12 month mortality calculated from the
cumulative time-mortality curve of patients with NYHA
class IV heart failure, treated conventionally, was 48 and
63% respectively." Mortality was higher in patients who
were clinically unstable or who required admission to
hospital for treatment of pulmonary oedema and low out-
put state.'2 Considerable activation of the adrenergic and
renin-angiotensin systems; increased concentrations of
atrial natriuretic peptide, aldosterone, and vasopressin;
and hyponatraemia have been reported to be risk fac-
tors.'3'4 It is not entirely clear whether these neuro-
endocrine and electrolyte abnormalities are markers of
severe heart failure or whether these changes contribute
to progression of heart failure by their primary and sec-
ondary effects on peripheral circulation and myocardial
function. Increased left ventricular ejection impedance
caused by peripheral vasoconstriction can cause worsen-
ing heart failure because of further impairment of cardiac
performance.'5 Angiotensin II and noradrenaline may
also produce myocardial dysfunction by inducing
myocardial hypertrophy, myocyte loss, and extracellular
architectural changes which may also contribute to pro-
gression of heart failure.'6 If this hypothesis is correct-
that is, the activated renin, angiotensin, and adrenergic
systems participate in the progression of heart failure-it
may be possible to counter their adverse effects pharma-
cologically and prevent progressive heart failure.
Intervention with angiotensin converting-enzyme inhibi-
tors undeniably improved the outcome of patients with
severe ischaemic heart failure in prospective randomised
trials. For example, in the CONSENSUS I trial, in which
most patients had coronary artery disease, there was a
40% and 31% reduction in the relative risk of mortality
at 6 and 12 months respectively when enalapril was
added to conventional treatment." Even in the group
treated with enalapril, however, the mortality at 6 months
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was 26% and that at 12 months was 36%-a much high-
er mortality than that seen in many malignant conditions.
Though there was a considerable improvement in symp-
toms and clinical class of heart failure with enalapril
treatment, many patients died of progressive heart fail-
ure. These findings suggest that once severe heart failure
develops angiotensin converting enzyme inhibitors are
only partially effective in preventing further progression
of heart failure and in improving prognosis. The prospect
of improving prognosis of these patients with refractory
heart failure with addition of newer vasodilators or
inotropic agents does not seem promising. In the
PROMISE trial there was an increase in mortality with
the addition of milrinone, a vasodilator and a phosphodi-
esterase inhibitor.'7

It has been postulated that an earlier intervention may
prevent the development of severe heart failure and
improve the prognosis of patients with mild to moderate
heart failure. In the Veterans Administration Heart
Failure trial I (V-HeFT I), with hydralazine/isosorbide
dinitrate and in V-HeFT II, with hydralazine, isosorbide
dinitrate, or enalapril, the mortality risk decreased signifi-
cantly.'819 In the SOLVD treatment trial there was a 16%
decrease in mortality in patients on active therapy.'2
As well as a decrease in mortality, there was a substan-

tial reduction in the proportion of patients who required
admission to hospital for the further management of
heart failure. Therefore, it seems that in patients with
mild to moderate heart failure, earlier use of angiotensin
converting-enzyme inhibitors not only improves the over-
all prognosis, but also may delay the development of
more severe heart failure. Once clinical heart failure is
severe enough to require admission to hospital, however,
mortality remains high. Thus the prevention of the devel-
opment of clinical heart failure after myocardial injury
has emerged as a very important therapeutic concept.

Asymptomatic left ventricular dysfunction
Prospective randomised clinical trials have shown that
pharmacological interventions can delay the development
of heart failure and improve prognosis of patients with
asymptomatic left ventricular systolic dysfunction caused
by ischaemic heart disease. In the SOLVD prevention
trial, treatment with enalapril reduced the risk of devel-
opment of heart failure by 29%, delayed it by an average
of 24 months, and reduced the combined incidence of
heart failure and death. Approximately 80% of patients
randomised in this study had ischaemic heart disease and
prior myocardial infarction. In the SAVE trial, treatment
with captopril was associated with decreases in all cause
mortality risk (19%), in the risk of death from cardiovas-
cular causes (21%), in the risk of development of severe
heart failure (22%), and in the need for hospital admis-
sion for treatment of congestive heart failure (22%).
These results provide incontrovertible evidence of the
potential for the prevention of heart failure and hence for
the improvement of prognosis by early intervention with
angiotensin converting enzyme inhibitors in symptom
free patients with "ischaemic" left ventricular systolic
dysfunction.
The mechanisms for these beneficial effects of

angiotensin converting enzyme inhibitors have not been
clearly elucidated. Both in the SAVE and SOLVD trials,
the risk of recurrent myocardial infarction decreased sig-
nificantly during treatment with angiotensin converting
enzyme inhibitors.9 12 20 Angiotensin converting enzyme
inhibitors have been shown to improve coronary haemo-
dynamics and myocardial energetics in patients with
chronic ischaemic heart failure.2' 22 Thus their anti-

ischaemic effects may play a part in the prevention of the
progression of heart failure.

Prevention ofischaemic heart failure
After myocardial injury, progressive ventricular enlarge-
ment, and architectural and geometric changes (remodel-
ling) often occur when the extent of myocardial injury
exceeds certain limits.2'-25 Ventricular enlargement and
impaired left ventricular systolic function are established
major risk factors for early and late mortality in patients
with myocardial infarction.2$28 It is also highly probable
that "remodelling" and decreased left ventricular ejection
fraction are the principal antecedent mechanisms for the
development of chronic ischaemic heart failure.
Angiotensin converting enzyme inhibitors have been
reported to retard progressive ventricular enlargement
and decrease ventricular mass.29"

Attenuation of ventricular remodelling may be due to
the favourable effects of angiotensin converting enzyme
inhibitors on ventricular loads and/or the reduction of
myocytolysis and myocardial architectural changes medi-
ated by angiotensin II.34 Whatever the mechanisms may
be, angiotensin converting enzyme inhibitors can delay
the development of heart failure and should be consid-
ered in the management of symptom free patients with
impaired left ventricular systolic function.
Though glyceryl trinitrate administered during the

acute phase of myocardial infarction has been reported to
reduce ventricular enlargement, its role in the prevention
of heart failure has not been firmly established.'5

Reduction of the extent ofischaemic injury
The beneficial effects of angiotensin converting enzyme
inhibitors are seen only when left ventricular systolic
function after injury is initially impaired. In experimental
myocardial infarction in animals, left ventricular dilata-
tion with an increase in wall stress usually does not occur
when the infarcts are small.29'6 In the SOLVD treatment
trial enalapril did not reduce mortality in patients with
left ventricular ejection fractions of between 30% and
35%. 12 The benefits in terms of the effect on the com-
bined endpoint of death or hospital admission were also
minimal in this group of patients. Similarly, in the
SOLVD prevention trial there was a significant trend
towards less benefit from enalapril among patients with a
higher ejection fraction.20 In the SAVE trial, however, the
beneficial effect of captopril therapy on cardiovascular
morbidity and death were similar when initial ejection
fraction was between 32% and 40% or when it was less
than 32%.9 But the likelihood of a reduction in all cause
mortality seems to be less in patients with a higher initial
ejection fraction.
The risk of development of heart failure in ischaemic

heart disease is much less and the prognosis is much bet-
ter when left ventricular systolic function is preserved
than when it is impaired. Thus preservation of left
ventricular systolic function should be considered as one
of the major therapeutic goals for prevention of
"ischaemic" heart failure. Many recent studies have
found that the residual left ventricular global ejection
fraction frequently exceeds 50% in patients with acute
myocardial infarction receiving very early reperfusion
therapy.'7 Furthermore, an open infarct related artery is
associated with reduced infarct expansion and ventricular
enlargement.'8
Thus the available information indicates that preven-

tion of ischaemic heart failure is indeed a practical propo-
sition. Early reperfusion of the ischaemic myocardium to
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decrease the extent of myocardial injury and to preserve
left ventricular systolic function should be considered as
an important part of the overall therapeutic strategy for
prevention of ischaemic heart failure. Patients with
impaired left ventricular systolic function despite suc-
cessful reperfusion therapy should receive angiotensin
converting-enzyme inhibitors routinely until better treat-
ments become available to prevent ischaemic heart
failure.
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